Rapid cycle DNA amplification is a refinement of the polymerase chain reaction (PCR) method that permits increased product specificity while reducing amplification time by an order of magnitude. Combined with the use of micro volume capillaries, minute samples can be examined by this technique. Thus, this approach is ideally suited to the analysis of gene expression in individual cells. As the current understanding of early developmental processes is still rudimentary, further characterization of transcription in single oocytes and embryos may provide additional insight into the molecular mechanisms directing these events. In this study, we examined the suitability of fluorescence monitored reverse transcription (RT)-PCR for the study of gene expression during oogenesis and embryogenesis using transcripts of the housekeeping gene, β-actin, as an experimental model. Product accumulation was monitored by either the double-stranded DNA dye SYBR Green I or sequence-dependent hybridization of reporter molecules called molecular beacons. Dyes bind generically and are economical to use. However, both specific and non-specific products are labelled. Hybridization probes permit very specific and sensitive target recognition but they can be costly to manufacture. Once molecular markers indicative of optimal development are identified, this technology could be used in a clinical in-vitro fertilization laboratory as a diagnostic tool. Key words: human oocytes/molecular beacons/preimplantation embryos/rapid cycling/RT-PCR Introduction capillaries (Wittwer et al., 1997b). Coupled with radiolabelled probes, RT-PCR has permitted the analysis of expression from Gaining knowledge about the physiological timetable of gene a small number of embryos (Rambhatla et al., 1995). By expression during oocyte maturation and preimplantation the addition of fluorescent probes or double-stranded DNA development is crucial for a better understanding of human (dsDNA) dyes, product accumulation can be monitored using development and refinement of assisted reproductive technoa suitably equipped fluorescence temperature cycler. Sequencelogy. It is necessary to understand what molecular markers are specific fluorescent probes allow for highly sensitive and important for assessment of embryonic health, viability and specific target detection. With probe systems, fluorescence is genetic status of the mammalian oocyte. Once markers are typically achieved when a fluorophore and a quencher are chosen which reflect prognosis for development, techniques separated either by distance or by hydrolysis. For example, can be developed to extract minute amounts of cytoplasm or hairpin primers (Nazarenko et al., 1997) are designed in a polar bodies for use as a diagnostic tool. manner to achieve fluorescence only when the primer, labelled In order to pursue a detailed analysis of the processes of with a fluorophore at one end and a quencher at the other, is oocyte and embryo development, highly sensitive investigative made linear by incorporation into an amplification product. methodologies are required. Ideally, the strategy selected would Hairpin probes or molecular beacons (Kramer and Tyagi, 1996) be sensitive enough for use in single cells to avoid analysis of employ a similar scheme to obtain fluorescence. The beacon pooled material that could otherwise confound interpretations.
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unfolds when it comes in contact with its complementary Analysis of gene expression from single cells has been hindered sequence within the PCR amplicon producing a fluorescent by the limitations of classical molecular techniques such as signal. Hydrolysis probes (Holland et al., 1991) achieve Northern blot analysis. The advent of reverse transcriptionfluorescence by separating the fluorophore and quencher polymerase chain reaction (RT-PCR) provided the level of through the 5Ј to 3Ј exonuclease activity of Taq polymerase sensitivity necessary to study transcription despite a scarcity during product extension. An alternate approach uses resonance of material (Rappolee et al., 1988; Brenner et al., 1989) . With energy transfer by adjacent hybridization probes (Wittwer further refinements such as rapid cycle DNA amplification, et al., 1997a) . A pair of probes are designed such that the specificity and yield has been improved (Wittwer and Gerling, labelled ends are brought together during hybridization in 1991) precluding the need for nested amplifications. This order to obtain a fluorescent signal. In contrast, dsDNA specific technique allowed the examination of extremely minute samples when used in conjunction with micro volume dyes permit more generic product identification.
Early oocyte maturation in mammals is distinguished by USA), and the other which uses sequence-dependent hybridization of reporter molecules called molecular beacons. active gene transcription that results in the production of vast amounts of various RNA species (Telford et al., 1990 Braude et al., 1988) , 75, 50, 20) . Log fluorescence versus cycle number is plotted for each sample to permit simple visualization of the exponential phase of amplication. Molecular beacon hybridization probes (A) and SYBR Green I dsDNA dye (B) were used to monitor product accumulation Both methods proved to be equally effective. Amplification was evident earlier from samples containing pooled embryos as expected. Nonetheless, product accumulation was observed from individual embryos following as few as 25 cycles. No product was detected from the negative control. The preprogrammed melting protocol. During the melting segment, samples are slowly heated while monitoring fluorescence continuously in order to observe the loss of fluorescence that occurs at the denaturation temperature. The negative derivative of fluorescence with respect to temperature is plotted to generate a melting peak. The melting curve can be used to distinguish products since it is sequence specific. The melting peak observed for the negative control represents primer dimer formation whereas the peaks obtained from single oocytes and the positive control are consistent with the expected melting temperature of the specific polymerase chain reaction (PCR) product. (B) The derivative melting curve calculated for each of the samples corresponds with products identified by (C) gel electrophoresis (1 ϭ liver positive control; 2-8 ϭ 100, 75, 50, 20, 1, 1, 1 embryos; 9 ϭ no template; 11 ϭ 100 bp ladder).
Primer and probe design
sequences are presented in Table I . Secondary structure analysis was conducted to ensure template and probe compatibility using the Complementary DNA PCR primers for human β-actin were designed Mfold server (Michael Zuker, Institute for Biomedical Computing, using Oligo primer analysis software (National Biosciences Inc, Washington University in St. Louis, St Louis, MO, USA). Plymouth, MN, USA) from DNA and RNA sequences obtained from GenBank (Benson et al., 1998) for β-actin (Ponte et al., 1984) . The PCR cDNA primers and probe for mouse β-actin were gifts from Ken Pierce (Hamilton Thorne Research, Beverly, MA, USA). Primer and PCR amplification was achieved using a Light-cycler (Wittwer et al., 1997b) , a combination micro volume fluorimeter and rapid molecular beacon hybridization probe (Midland; Midland, TX, USA) 
Results Discussion
Results during amplification of a 197 bp fragment of the murine β-actin gene are presented in Figure 1 . Reaction Fluorescence monitored rapid cycle RT-PCR from individual embryos and oocytes can be used as a tool for the study samples consisted of mouse liver (positive control), pooled mouse blastocysts (n ϭ 100, 75, 50, 20) , and individual mouse of early developmental processes. Increased sensitivity was illustrated by the ability to detect transcripts from individual blastocysts. Amplification was evident from all samples while the negative control (no template) responded appropriately. cells during single round amplifications. In particular, SYBR Green I monitored product accumulation allows earlier product However, additional amplification cycles (five for a total of 25) were required before fluorescence rose above background detection than possible by conventional gel electrophoresis. Rapid cycle thermal cyclers by design permit nearly instantfor samples consisting of individual embryos whereas only 20 cycles were required for pooled samples or the liver cDNA aneous transition times. Specificity is improved in comparison with conventional block cyclers when minimal length anneal positive control. Both molecular beacon fluorogenic hybridization probes and SYBR Green I dsDNA dye were used to and denature segments are used (Wittwer and Gerling, 1991) . This is especially beneficial for quantitative analysis as the monitor fluorescence. Both methods were equally effective at detecting product accumulation. Nonetheless, higher overall need for two rounds of competitive PCR is obviated and the potential for introducing contamination in the process is fluorescence was observed with SYBR Green as compared to that obtained with molecular beacons. Amplification products minimized. Therefore, unambiguous quantification is feasible. In our study, we selected fluorogenic hybridization probes proved to be equally well suited to this purpose confirming the observations made by others (Wittwer et al., 1997b) . called molecular beacons and the dsDNA dye SYBR Green I to monitor product accumulation. In our hands, both technologies However, their differences must be taken into account during experimental design and optimization in order to achieve during intracytoplasmic sperm injection (ICSI) or polar bodies to provide a more in-depth preimplantation diagnostic tool. ideal results. In particular, secondary structure is a prime consideration with molecular beacons whereas it appears not to be a crucial factor when using dsDNA dyes. Not surprisingly,
